Introduction
============

Gastroesophageal reflux disease (GERD) is a condition which develops when the reflux of gastric contents cause troublesome symptoms and/or complications.[@B1] A recent systematic review identified a 10%-20% prevalence of GERD, defined by at least weekly heartburn and/or regurgitation in the Western world; while in Asia, the prevalence was less than 5%.[@B2] It has been suggested that there is an increasing trend in the prevalence of GERD over the last 2 decades and that reflux disease is more common in Asian countries than previously recognized.[@B3] For the differences in prevalence rate in different countries, there are several potential explanations; such as lifestyle factors, dietary factors, overweight/obesity and genetic factors. However, the exact pathogenetic role of these factors is still under debate and the beneficial effect of recommending specific modification in lifestyle habits is also controversial.[@B4]

GERD is a multi-factorial disease with both environmental and genetic risk factors, and several epidemiological data lend support to this concept.[@B5] Various lifestyle factors are thought to be associated with GERD symptoms, including body weight, nutrition, alcohol consumption, smoking, the intake of NSAIDs and sleeping position.[@B6] There are many patients who are more likely to experience a perceived reflux event when they eat some foods like noodles. It is a common belief that some foods may induce or worsen GERD symptoms. In fact, in daily clinical practice, this belief leads to advising patients to avoid the suspected foods.[@B7] Furthermore, since GERD symptoms are most commonly reported postprandially, the role of dietary components in inducing symptoms has been suggested.[@B7] However, no definitive data exist regarding the role of diet and specific foods or drinks in influencing on GERD symptoms.[@B7] The aim of this study was to evaluate the relationship between GERD symptoms and dietary factors, especially regular meals in Korea.

Materials and Methods
=====================

Subjects
--------

From January 2007 to April 2008, patients attending department of medicine in Samsung Medical Center with frequent (more than weekly) typical reflux symptoms such as acid regurgitation or heartburn were recruited as GERD group. All of these patients underwent esophagogastroduodenoscopy (EGD) to confirm erosive esophagitis or other combined disorder. In case of erosive reflux disease, the severity of erosive esophagitis seen on EGD was graded from A to D according to the Los Angeles (LA) classification.[@B8] In the same period, randomly selected subjects attending Seoul National University Hospital Healthcare System Gangnam Center for routine health check-up to be confirmed without erosive esophagitis or hiatal hernia by EGD were recruited as control group. Subjects with typical reflux symptoms more than once a week within the last 1 year were excluded in control group.

Subjects were excluded if they have other gastrointestinal diseases (for example, active peptic ulcer disease, infectious conditions of the intestine and gastric malignancy), a history of gastrectomy or severe health problems. Exclusion criteria also contained the subjects who require daily use of NSAIDs, oral steroid or aspirin, on proton pump inhibitors or histamine-2 receptor antagonists over the preceding 4 weeks, and currently pregnant women.

The participants were asked to complete the questionnaires consisted of questions about the patient\'s demographics, reflux related symptoms and diet factors. Body mass index was calculated as a ratio between weight (kg) and the square of height (m^2^) and further categorized as follows based on recommended cutoffs: normal (\< 23), overweight or obesity (≥ 23). A total of 162 subjects (81 in GERD group and 81 in control group) agreed to complete the questionnaire and were enrolled in this study. Written informed consents were obtained from all participants. This study received approval from the institutional review board of the Samsung Medical Center and Seoul National University Hospital.

Questionnaire
-------------

The questionnaire consisted of the following questions:

\(1\) Questions about dietary habits (large-volume meal, rapid food intake, irregular intake, eating between meals and late-evening meal)

How much do you take each meal?How long does it take to eat a regular meal?Do you eat regularly?Do you eat between meals?Do you eat in late evening or at night?

\(2\) Do you suffer from the following symptoms? How often? How severe are the symptoms? (recorded by visual analogue scale \[VAS\])

HeartburnAcid regurgitationChest discomfortChest painHoarsenessGlobus sensationCoughEpigastric painEpigastric sorenessdyspepsia

\(3\) How long do you suffer from the symptoms?

\(4\) Did you feel the symptom development or aggravation after eating specific food? What was(were) the food(s)? And how severe were the symptoms? (recorded by VAS)

### Diet factors

The questionnaires also asked whether they suffered from reflux-related symptoms with specific food intake. The foods possibly causing reflux-related symptoms were listed in Korean\'s favorite foods extracted from the Third Korea National Health & Nutrition Examination Survey (KNHANES III).[@B9]

### Symptom assessment

The severities of reflux related symptoms (heartburn, acid regurgitation, chest discomfort, chest pain, hoarseness, globus sensation, cough, epigastric pain, epigastric soreness and dyspepsia)[@B10] were recorded by 10 cm VAS running from 0 (no symptom) to 10 (maximal symptom expression).

Statistical Methods
-------------------

Statistic analysis was performed using the Student\'s *t* test and Chi-square to compare the differences between the 2 groups. Multivariate logistic regression models were used to assess the potential risk factors of GERD. Age- and sex-adjusted data of dietary habits, reflux-related symptoms and specific foods were also analyzed by multiple logistic regression. All *P*-values were 2-tailed, and *P*-values of less than 0.05 were considered statistically significant.

Results
=======

The clinical characteristics of the study subjects are presented in [Table 1](#T1){ref-type="table"}. Mean ages were 57 years in GERD group and 50 years in control group (*P* \< 0.001). Subjects with overweight or obesity had an increased risk for GERD (OR, 2.52; 95% CI, 1.18-5.39) ([Table 2](#T2){ref-type="table"}). In GERD group, endoscopic findings were as follows; 13 patients (16.0%) had non-erosive reflux disease, 30 patients (37.0%) were LA-A, 34 patients (42.0%) were LA-B and 4 patients (5.0%) were LA-C. In our study population, there was no patient with LA-D.

[Table 3](#T3){ref-type="table"} shows the relationship between dietary habits and GERD. The odds ratio of irregular dietary intake was 2.33 (95% CI, 1.11-4.89), but other habits (large-volume meal, rapid food intake, eating between meals and late-evening meals) did not show statistical significance. [Table 4](#T4){ref-type="table"} shows the comparison of dietary habits according to the endoscopic severity of GERD. Large-volume meal was significantly associated with the grade of erosive esophagitis.

Each reflux-related symptom was assessed by severity and frequency. The severity of symptoms measured by VAS is shown in [Figure 1](#F1){ref-type="fig"}. In GERD group, acid regurgitation was the most suffering symptom (2.85 ± 2.95), whereas dyspepsia was the most suffering symptom (0.76 ± 1.57) in control group. When the data were adjusted for age and sex, the most highly associated symptoms with GERD were acid regurgitation (OR, 4.31; 95% CI, 2.35-7.90) and heartburn (OR, 4.30; 95% CI, 1.86-9.97) ([Table 5](#T5){ref-type="table"}). Acid regurgitation was the most frequent symptom in GERD group (57.5%), whereas cough was most frequent in control group (16.0%).

[Figure 2](#F2){ref-type="fig"} demonstrates several foods and their symptom severity scores in each group. Symptom severity scores were calculated by the sum of each severity (VAS scale) of symptoms. Noodles showed the highest symptom severity score in GERD group, and they were significantly higher than control group. When the data were adjusted for age and sex, noodles (OR, 1.22; 95% CI, 1.12-1.34), spicy foods (OR, 1.09; 95% CI, 1.02-1.16), fatty meals (OR, 1.20; 95% CI, 1.09-1.33), sweets (OR, 1.42; 95% CI, 1.00-2.02), alcohol (OR, 1.16; 95% CI, 1.03-1.31), breads (OR, 1.17; 95% CI, 1.01-1.34), carbonated drinks (OR, 1.69; 95% CI, 1.04-2.74) and caffeinated drinks (OR, 1.41; 95% CI, 1.15-1.74) were associated with symptom aggravation in GERD ([Table 6](#T6){ref-type="table"}).

The subjects who answered that reflux related symptoms developed or were aggravated by noodles were asked what kinds of noodles contributed to the symptom. More than half of the responders answered that ramen (instant noodle) caused reflux-related symptoms ([Table 7](#T7){ref-type="table"}).

The relationship between reflux-related symptoms and symptom severity scores aggravated by several foods in GERD is shown in [Figure 3](#F3){ref-type="fig"}. The symptoms of acid regurgitation, dyspepsia, epigastric soreness and heartburn were more aggravated by these foods.

Discussion
==========

The most common symptom in GERD patients is heartburn in Western countries.[@B11] Several studies have reported the prevalence of heartburn as 21%-37% to experience heartburn at least once a month and as 13%-25% to experience at least once a week or more frequently.[@B12]-[@B14] In this study, however, the most frequent and bothersome symptom of GERD patients was acid regurgitation. This may be attributed to cultural and linguistic differences in symptom perception and interpretation. The term \"heartburn\" is not universally understood and there is no direct translation of the word \"heartburn\" in Chinese, Swedish, Malay or Korean.[@B3] A multiethnic study showed that the term \"heartburn\" was understood by only 35% of white American subjects and the figure dropped to 13% for Asian patients.[@B15]

The present study showed that subjects with overweight or obesity had an increased risk for GERD. These results are in agreement with those of previous studies which reported that body mass index may be associated with symptomatic gastroesophageal reflux, independent of diet and exercise.[@B16],[@B17]

It is a common belief that some dietary habits would aggravate GERD-related symptoms, such as large-volume meal, rapid food intake, irregular food intake, eating between meals or late-evening meals. Physicians often advise patients with GERD to change their dietary habit and lifestyle. However, the evidence to support such recommendations of lifestyle modification has not been well substantiated. In several studies investigating the effect of dietary habits on gastroesophageal reflux, the results have not been consistent.[@B18]-[@B22] In our study, the odds ratio for relative risk of irregular dietary intake was 2.33, while other habits (large-volume meal, rapid food intake, eating between meals and late-evening meals) did not show statistical significance. The reasons for these results might be considered in that the proportion of severe erosive esophagitis was too small in this study population. In Korea, however, the distribution of erosive esophagitis based on the LA classification is quite different from other countries. Severe esophagitis such as LA-C or LA-D accounts for only 3% in Korea,[@B23] which is the reason why our study population was so deviated.

In this study, we showed that noodles induced severe symptom aggravation in GERD group. Noodles are one of the most favorite meals in Korea. To our knowledge, this is the first study to suggest that noodles may be refluxogenic to GERD patients. A possible explanation is the high carbohydrate content of noodles. A recent study showed that very low-carbohydrate diet in individuals with GERD significantly reduces distal esophageal acid exposure and improves symptoms.[@B24] A second explanation for our findings is that noodles are generally made by wheat, which is more likely to precipitate the reflux related symptoms than rice.[@B25] Other possible explanation is the high salt intake. It has been demonstrated that salt intake seems to be a risk factor for reflux symptoms.[@B26] In our results, the most \"refluxogenic\" noodles, such as ramen and noodles with stir-fried bean paste, contain high salt content.

We also found that reflux-related symptoms were associated with spicy foods, fatty meals, sweets, alcohol, carbonated drinks and caffeinated drinks. These results are consistent with several physiological studies which have shown a decrease in lower esophageal pressure and an increase in esophageal acid exposure in response to ingestion of a variety of food items.[@B27]-[@B29]

There are several limitations that should be acknowledged. First, unmatched control group with ambiguous criteria may have resulted in a selection bias. The second limitation of this study was a relatively small number of subjects.

In summary, subjects with overweight or obesity had an increased risk for GERD. Irregular dietary intake was one of the risk factors for GERD. Acid regurgitation was the most suffering and most frequent reflux-related symptom in GERD. Noodles, spicy foods, fatty meals, sweets, alcohol, breads, carbonated drinks and caffeinated drinks were associated with symptom aggravation in GERD. Among the investigated noodles, ramen caused reflux-related symptoms most frequently.

In conclusion, this is the first study in Korea to suggest that noodles may be refluxogenic to GERD patients. Large prospective controlled trials are warranted to recommend more precise dietary and lifestyle modifications in the treatment of GERD.
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###### 

Clinical Characteristics
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GERD, gastroesophageal reflux disease; BMI, body mass index.

Continuous variables are presented as the mean ± SD and noncontinuous variables as the number (%).

###### 

Multivariate Analysis of Risk Factors for Gastroesophageal Reflux Disease
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BMI, body mass index.

###### 

Relationship Between Dietary Habits and Gastroesophageal Reflux Disease
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It was adjusted for age and sex.

###### 

The Comparison of Dietary Habits According to the Endoscopic Severity of Gastroesophageal Reflux Disease
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NERD, non-erosive reflux disease; LA-A, Los Angeles classification A; LA-B, Los Angeles classification B; LA-C, Los Angeles classification C.

Data are presented as the number (%).

###### 

The Relationship Between Reflux Related Symptoms and Gastroesophageal Reflux Disease
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It was adjusted for age and sex.

###### 

The Relationship Between Specific Foods and Symptom Aggravation in Gastroesophageal Reflux Disease
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It was adjusted for age and sex.

###### 

The List of Noodles Causing Symptoms: Patients With Symptom Aggravation by Noodles Reported Which Kind Did by Multiple Choice
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^a^Cold noodles served with hot and spicy sauce mix, ^b^Cold noodles served in cold beef soup.
